In this paper we consider the concepts of secure domination and secure total domination in a graph. We rectify a bit an interesting result obtained by Benecke et al. and then state some consequences which 1
Introduction 2 Secure Domination in the Composition G[K n ] The composition G[H] of two graphs G and H is the graph with V (G[H]) = V (G) × V (H) and (u, u )(v, v ) ∈ E(G[H]) if and only if either uv ∈ E(G) or u = v and u v ∈ E(H).
Observe that any non-empty subset C of V (G) × V (H) (in fact, any set of ordered-pairs) can be written as C = ∪ x∈S ({x} × T x ), where S ⊆ V (G) and T x ⊆ V (H) for each x ∈ S. Henceforth, we shall use this form to denote any subset C of V (G) × V (H).
The following result characterizes secure dominating sets in the composition G[K n ].
Theorem 2.1 Let G be a connected graph and n ≥ 2.
Then C = ∪ x∈S ({x} × T x ), where S ⊆ V (G) and T x ⊆ V (K n ) for each x ∈ S, is a secure dominating set in G [K n 
] if and only if either (i) S is a secure dominating set in G or (ii) S is a dominating set in G satisfying the following property: (a) |T x | ≥ 2 for every x ∈ S such that epn(x; S) = ∅ and epn(x; S)
is not complete; and Proof : Suppose C = ∪ x∈S ({x} × T x ) is a secure dominating set in G[K n ]. Let u ∈ V (G)\S and pick b ∈ V (K n ). Since C is a dominating set in G[K n ], there exists (x, c) ∈ C such that (x, c)(u, b) ∈ E(G[K n ]). This implies that x ∈ S and u ∈ N G (x). This shows that S is a dominating set in G. If S is a secure dominating set, then we are done. Suppose now that S is not a secure dominating set in G. Let x ∈ S such that epn(x; S) is not complete. Then there exist distinct vertices y, z ∈ epn(x; S) such that yz
Since C is a secure dominating set and (z, t) / ∈ C, there exists
For the converse, let (x, a) / ∈ C. Consider the following cases:
∈ S. Suppose first that (i) holds, that is, S is a secure dominating set in G. Then there exists v ∈ S such that xv ∈ E(G) and
Next, suppose that S is not a secure dominating set in G. Consider the following subcases:
In both cases, C is a secure dominating set in
The following is a quick consequence of the above theorem.
Corollary 2.2 Let G be a connected graph and n ≥ 2. Then
where a = b and set T x = {a, b} for every x ∈ S. Then, by Theorem 3.1,
This proves the result.
The first result is due to Benecke et al. [1] .
Proposition 2.4 Let X be a total dominating set in graph G. A vertex v X-defends u if and only if
The following simple example will show that (i) is not the correct condition:
. Let X = {x, y, v}. Clearly, X is a total dominating set in G. Also, uv ∈ E(G) and [X\{v}] ∪ {u} = {x, y, u} is a total dominating set in G. It follows that v X-defends u. However, epn(v, X) = {w} = ∅.
The following result gives the correct characterization.
Theorem 2.5 Let X be a total dominating set in a connected graph G, v ∈ X, and u ∈ V (G)\X. Then v X-defends u if and only if epn(v, X) and ipn(v, X) are contained in N G (u).

Proof : Suppose v X-defends u. Let
It follows that Y is not a total dominating set. If u = w, then there exists no y ∈ Y such that yw ∈ E(G) since N G (w) ∩ X = {v} and w / ∈ N G (u). This implies that Y is not a total dominating set. Thus, in either case, we obtain a contradiction.
. This implies that Y is not a total dominating set, contrary to our assumption. Therefore
For the converse, suppose X is a tds in G and epn(v, X) and ipn (v, X) 
hence there exists y ∈ X\{v} ⊂ Y such that xy ∈ E(G). In any of the above cases, we find that Y is a dominating set in G.
Finally, let w ∈ Y . If w = u, then there exists b ∈ X\{v} ⊂ Y such that bw ∈ E(G) since X is a dominating set and u / ∈ epn(v, X).
This shows that Y is a total dominating set in G. Therefore, v X-defends u.
The following results of Benecke et al. will still be immediate.
Corollary 2.6 If u ∈ epn(v, X) for some v ∈ X, then u is not X-defended.
Corollary 2.7 Let X be a total dominating set in G. Then X is a secure total dominating set if and only if (i) epn(v, X) = ∅ for all v ∈ X, and
(ii) For each u ∈ V (G)\X, there exists v ∈ X ∩ N (u) such that ipn(v, X) ⊆ N (u).
Secure Total Domination in the Composition G[K n ]
The following result characterizes secure total dominating sets in the composi-
Theorem 3.1 Let G be a connected graph and n ≥ 2.
and only if either (i) S is a secure total dominating set in G or
(ii) S is a dominating set in G satisfying the following properties:
for all w ∈ (S\{x}); and
. This implies that x ∈ S and u ∈ N G (x). This shows that S is a dominating set in G. If S is a secure total dominating set, then we are done. Suppose now that S is not a secure total dominating set in G. Let x ∈ S and consider the following cases: Case 1. Suppose x / ∈ N G (y) for all y ∈ S. Let a ∈ T x . Since (x, a) ∈ C and C is a total dominating set, there exists
} cannot be a total dominating set in G[K n ], contrary to our assumption that C is a secure total dominating set. Thus,
This shows that property (a) holds.
, where y ∈ S. This shows that property (b) also holds.
For the converse, suppose first that (i) holds, that is, S is a secure total dominating set in G.
\C and consider the following cases:
Case 2. Suppose u / ∈ S. By assumption, there exists v ∈ S such that uv ∈ E(G) and (S\{v}) ∪ {u} is a total dominating set in G.
In both cases, C is a secure total dominating set in
Finally, let (u, t) ∈ V (G[K n ])\C and consider the following cases: Then (x, a), (x, b) ∈ C, (u, t)(x, a) Therefore, C is a secure total dominating set in
The following is a quick consequence of the above theorem. 
